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ABSTRAC’F

Americium recovery was initiiikd at Los Alamos
ScicnLific Laboratory (I,ASL) in Lhc late 1940’s. The
rarly procedures sepuraLrd gram quilntiti~s of americium
from large iN’ilOUlltS of impufitic:; including p]uLonium and
the rare ~i)rLh~. lon (~)(~hilng(’ procedures werr (l(!v(+lopt~(l
for Iurlhor puriric’nlioll.

Pr(!HrnLly, LhP ilnlrririum I“(Y’(1is ohlilil][’(1 il~ il h)f-
producl from il pluLnnium pllril”iriltion prorr~~ ill lIICS II(’W
pluLnnium I“ilrilily iIL I,AHI,. ‘~l!is i“(’(’d l“ilLrilL(’ from n
prroxi(lr proripitntirm I)roc(’sfi ix prr~ipit:ltr(l il~ il
~lurry 01” hydroxi(lr~, I“ilt(’rr(l, dit+xulvod in Ilitri(.
il~i[l, illl(l llil!JN(’(1 Lhrough :111 ;Inioll (’X(”Ililll~l’ (wlumu 10
rrmovr nlly rr~ i IIllil I p I 111011i um. ‘[’11{’illll(tr i Ui urn, (’oll-
lilili(l(l ill th(l [-l”l”l{l(*lIt., i~ I)rrl’ipililt(’(1 ii~ LII(* (.)xillilt(h
:Illil ~ill~ill(’(1 10 111(’ oxidrm



HI STORY

Separation of americium from paren L plutonium b~gan at LASL in laLe

1947 with the formation of a small group for that purpose headed by

R. A. Penneman. The early investigations centered necessarily on the iso-

lation of americium from pluLonium which had sufficient irradiation and age

that the beta decay of 14 year 2’*Pu would yield appreciable 241AM (150 -

200 mgs/Rg of Pu)i Some kilograms of plutonium turnings were processed by

us yielding about a gram of americium. That plutonium had been through the

BiP04/LaF3 process and contained a hundred times as much lnnthanum as ameri-

cium; this lanthanum naturally separated with the crude americium. 14&ter,

filtrates were processed from the plutonium peroxide process used in the pro-

duction plant. P1l’tonium that had been through Purex gavr cleaner americium.

Americium was isolaLed first from plutonium, then from lanthanum and

other impurities, by a combination of precipitation, solvent extraction, and

ion exchange prncesses. Parallel with the separation, a vigorous program of

reaearrh began. Beginning in 1950, a series of publ.icationsl-240n ameri-

cium put into the world literature much of the classic chemistry of americium:

the hexavalenL stute, Lhc soluble tetravalent sLate , oxidation potenti~ls,

disproporLionaLion, thr crysLal structure(s) of the metal, and many compounds

of americium. In part.irular, our usc of pcroxydisulfate or ozone to oxidizr

americium to the (V) or (VI) states still provides a basis for amrricium

removal from other elemcnls by rertuin techniques. lrradi;ltion of americium,

fir~t. al Chtilk Rivrr and later aL the MTR (ldaho), gnve us lurium for study.

Xndccd, the oxidaLion of amfricium and iLs separation from curium providrd

the rlue utiliz~d by olhrri in a pntrntcd pro~’cs~ for srpdrfllion of nmrricium

from Lhr rare carLha,



burning the metal in air. This is followL’d by dissolution of the impure

oxide in a concentrated nitric acid-hydrogen fluoride solution. The ameri-

cium is separated from the plutonium by precipitation of the plutonium as

the peroxide. Americium does not form an insoluble peroxide and stays in

the filtrate with other cationic impurities. The active peroxide filtrate

is slowly dripped into 9 ~ NaOH. The combination of strong caustic and

heal destroys the peroxides and precipitates the americium as the hydroxide.

Any residual plutonium in the filtrate, along with other cations, is pre-

cipitated also as the hydroxide. The flowsheet for the americium oxide

production is shown in Figure 3.

The cooled slurry of hydroxides is transferred by vacuum into glass

tanks (Figure 4). These tanks are shielded with Teflon coated lead to

minimize the radiation exposure to the technicians. The lead is Teflon

coated to prevent contamination with lead in the americium product, The

slurry of hydroxides is gelatinous in nature and is difficult to filter.

To improve thr filterability of these hydroxides, the slurry is allowed to

stand overnight and settle (Figure 5). The hydroxides seem to aggregate

upon standing. The filtering process is alao faster aa the clear super-

nant liquid above the aRgregaLed hydroxides can be pasaed through the filter

very faat. The remaining hydroxides are then slowly filterf,d with vacuum

onto filter paper in a 20 cm at.sinless steel filter boat (Figure 6), rinsed

with 0.1 M NaOH LO remove excess sodium salts, and redissolved in concentra-

ted nitric acid. After analysi~ for Am and Pu, the filtrate from this fil-

tration is sent t~ cauutic wtiate. The filLcr paper is rinsrd ‘v-l! with

water, drirdp and incinerated. The composition of two rrprcscnLaLive baLch-

arr shown in Table 1.

The next st.cp in production ia removal of residual pluLorlium from Lhr

amrricium by ion cxch~ngr rhromnlography. The amcririum nitraLe ~o!uLion

is passd, after ncidity adjustment to 7,5 fl, Lhrough a 611 x 12’1 ion ex-

changr column rOIIt:IinlIIII Dowrx 1 (nnim rr~in). Prriodictil]y, an Unknown

~el (thou~ht to k M silica m-llrix wiLh orc]udrfl sodium nilralr) is ohsrr-

ved in thr amrriciurn nitratr aIId mu~t hr filtrrd off to prcvrnt plu~EiIIg

of the ion rhchnn~r column. Thr ion cxcll~ngr rolumn iN gravily fed. lL

is alEo shieldml with a layur of Trf]on coatrd lend to redure radiation

rxpo~urf fJf workrrH. ‘1’hr IItLunI prohl~’m~ of runninR conrrnLrntml amrricitm

❑o]uLloil:+ through ion rx(-liilii~(~ rrnlnti arr rnt.ounLrrrd. An CXiiNll)lr IN thr

RIIH grnrrat{on from ril(ljOlyIliH of” thr ~olulionm ‘rh(! 10II eXdlflllR(’ W)] UMII



is run on a batch schedule. Concentrated amrriclum nolution is never al-

lowed to sLand on the column. After a batch has passed through the column,

the americium nitrate solution remaining in the column is replaced with

●nough 7 ~ nitric acid solution to wash out all of the americium. This

usually requires two void volumes of 7 ~ HN03. After several batches of

americium have been passed through the ion ●xchange column, the anion

resin becomes loaded with Pu(N03)~ and must be eluted. The a:idit.y of the

solution on the io,l exchange column is lowered to appr~ximately 1 ~, and

the plutonium is eluted with a hydroxylamine nitrate solution. lt is

worthy to note the violent reaction that occurs between hydroxylamine

nitrate and concentrated nitric acid! Thrrefore, it is imperative that

the aridity on the column be reduced before starting to elute. The eluted

plutonium solution is sent elsewhere in the plutonium facility for furthrr

processing. The anion resin is frequently replaced with new resin to pre-

vent buildup of resin degradation products.

Before the americium can be precipitated as the oxalate, the acidity of

the solution must br lowered. This cannot be done by thr addition of NaOH

or I(OII as Lhege cations are carried down with the americium oxalate. The

acidity adjustment can br made with NH40H with no pr~ducL contamination, but

processing problems resulting irom anmnonium vapors mixing with nitric acid

fumes should be avoided. Even with the usc of efficient traps, somo ammonium

vapors escapr to form anunonium nj ratr which plugs glovcbox exhaust filters;

plus, ananollium nitraLc may sublimr and condrnrr pasL thr filLrr throughout

the PnLire exhausL a“stem or may form by gaseous rcartion afLrr il has

pasEed th~ iilter.

The ahovc mrntionrvl problems make it highly drsirtih]c to lower the

acidity of the ivn ●xchangr effluent with only distilled waLcr. Vo 1umr

constrainL~ of equiprnrnt makr it imi~rarLica] Lo dilute Brven molnr of HNU,I

down to half molar so]uLion, Sorer mrthod of drnitriflration must br usrd

to rrmovc some of LiIP HNO, imforr thr final adjustment 1s dune with wntcri

Thifi drnitrifiralion iti accomi]lishcd by slmillc di~tillntion (Finure 7).

Apprc}ximateiy n tcn foid reduction, both in volumr and total moles of liN[lJ,

is acilievcd by distilling five liLcrH of tht? ion cxrhangr ●ff]uenL to 0,5

1 item, Before the reducrd volunw o!’ nmrririurn nitrate completely C-OOIH

tl~ dmb]lmrlL temprraLurr and Ha]tR out , rmIuRil (liBLi]ld wnlrr is added LO

kcwp rvrrything in RoiIIt{on, During tiliti volumr rrdurllonl thr nmrririum

ha:; alno h~cn runrrnlralrd nnd apptoprlatr nhi(’~ding muHt hr uHed,



The concentrated amrricium nitrate solution, now approximately 2 ~ in

HN03, is trangferrcd by vacuum into a stainless steel 2 liter bottle and

transported to the oxalate precipitation process. The americium oxalate

precipitation vessel is shown in Figure 8. The americium nitrate solution

is transferred into the precipitation vess~l by vacuum. The desired acidity

is attained (0.5 H) by the addition of distilled water. The americium is—

then precipitated with an excess of onalic acid. At present, no in-line

instrument is available for determining the exact concentration of americium

in each batch; therefore, an excess of oxalic acid must be used in insure

complete precipitation. These conditions allow some of the americium to be

lost as a soluble oxalato complex whentver excess oxalic acid is available.

The americium oxalate is allowed to digest , with stirrinR, for at least

one hour to minimize post precipitation. After digestion, the amcricim

oxalate is filte. ?d ontn a Kynar frit in a stainless sLecl filter hoet

(Figure 9). The precipitate is washed with 0.1 ~ oxalic acid and dried by

pulling air through the frit.

Calcination of the americium oxala~c to the oxide is done in two stages.

Th~ americium oxalate is first heated in a quart.z beaker on a flask heater,

genLly at first to prf!venL mat~rial from being carried out of the beaker by

the d@composiLion products of oxalate nnd Lhen more strongly until the yFllow

oxiIliitc has entirely blackened. A final calcinaLion of the ❑ixture is done

in a platinum dish ins[dc a muffle furnace at 800°C for four bourn 10 insure

complelc conversion trJ americium oxide. If necessnry, the umrriciurn oxide

is quickly ground to a fine powdrr in a M~JrLar and pestle and rrsubmitlr+d

for calcinaLion in the muffle furnace.

Fina; ly, the black-brown amrricium oxide ir sieved through n 2iJ0 mrsh

3 inch scrrcn on a FriL~ch analysetts ❑rchanfcal shaker. A complcLr analy-

sin is clone to drtcrminc whether the Am02 mrcLM UIe rrquired producl ~pcci-

ficaLions. The antily~iu of reprc~rntalive batchc~ of amrririum oxirlc pro-

duced a~ LASL in shown in Tahlr 2. Wdiochrmintry, emis~ion ~pectrou~xq~y,

and cpurk sourrc ma~~ npcc’LromcLry2G arr used in thr analyHis of Lhc

A@. Thr An@Z thai m~ets all of thr produrL NprrlficnLions is prcptirrd

for ■h~pmcntm Prodl,rL not meeting thrar sprrlfiraLion~ in rrcvrlccl.

Americium oxide preparpd -t I.ASL in nhipprd iII thr confiRurnLion Bhown

in FIRurr 10. Thr AmOf, in 25 Rram quantiLirH, {~ placml inMidr Lhr Htuin-

Iesn NIWI contujuer and drcontnminaLrd. IL is Lhru placrd inLo a pln??Llc

bn~ which im ~calud with tnpr and drroulamlnuLrd. ‘IYIIMII+ ha~grd out of’ LIIr



glovehox, placed in an open hood, plastic bag r,’movrd, and the stainlrss

steel container decontaminated once again. This is sealed in a plastic

bag, wrapped in steel wool, and canned in a lead lin~d food pack can.

This can is canned in a second food pack can. This configuration is

stored in the vault until shipment.

FUTURE AHERICIUM PRODUCTION

I. New Americium Source Stream

At LASL, the ●ffluent from the production Pu ion exchangr columns is

about 7 ~ HNOQand contains salts resulting from up-stream processing Am

and small amounts of Pu. This stream feeds the evaporators that recycle

HNOj and produce bottoms that are concentrated in salts that include the Am.

AE these bottoms are cooled, some of the salts crystallize and are readily

separated from the supernatant liquid. This supernate, * 7 - 9 N in HN03,

is made basic by NaOH addition causing most of the mrtals to ]Irecipitat.e as

the hydroxide~, Filtration then gives a filtrate that can be diac~rded plus

a hydroxide cake. Presently, the hydroxide cake and the crystalliz~d salta

from the bottoms fire put into 20 year retrievable storage.

It has been determined that Lhe bulk of any Am in Lhe original evapora-

tor feed ends up in the supernate, hrncc in Lhc hydroxide cake. This is con-

sidered as a potrntial Am source for thr AM02 production linr.

Examination of the data from thr anulyscs of the suprrnate and hydroxidr

cakv shows thcrn to contain primarily Na, Al, HK, Ca, Fr, wiLh sorer PI), U,

and Pu plus Lht’ Am. Thrreforc, recovery of the Am from eiLhrr Lhr supcrnaLr

or redissolved hydroxide cakr involvr~ its srparfltim from iI highly salted

solution of thrsc rations.

Thr~.- c-ondilions arc valuahlr in solvent extrarLion lechniqw~, It is

known2G-30 Lhat Am cxtrnctlon wilt] TIN> (Lrihutyl ])h~sphiltr) or l)Blll) (dihutyl

huLy] phosphonfltc) is ●uhanced hy high nilraLr Ralt conrfmnLraLions in Lhr

aqueous phii~c, partirulurly nt HNuJ col)rrnlrntionu 1MD1OW~ 1,0 N.

11. So]wnl ExLrartion Expc’rimrnL~

SolvtvIt rxLr~clion sludic~ wrrr tlonr 011 two frrd xamplesc di~solvcd

hydrnxidr cakr , SSA, and rval~orator suprrnntc, SS1]. S!iA wag ptrparml hy diN-

rinlulion of hydroxidr rnkr hy slow addition of conrwtr~lml HN(’)J, ad,ju~t-

mcnl of Lhv finnl ●ridily LO ~ 0.5 N hy nddition uf 1120 and/or 11NC13$and

rlariflrntlon !Jy ijlLrnti’)u. ‘r. l)rrpnrr SS1l, Homr nq}rrnntr WIIHLitratrd.

nrid ndjIIHLPd Lo ~ 0,5 N hy Nuoll ill~~l wntrr aAdition, Lhrn rlnrifjml by fil-



tration. No appreciable solids were observed on Lhe clarification filters

for either solution. Compositions of tht=se feeds are listed in Table 111.

After exploratory tests on a solution simulating SSA but with lid as an

Am Btand-in, the extraction system 30 v/o DBBP-70 v/o Isopar H (a commer-

cially available odorless kerosene) was chosen for tests on the SSA and SSB

feeds.

All experiments were done in separator funnels by mix:ng equal volumes

of the organic and aqueous phases for ~ 5 minutes, allowing to settle % 5

❑inutes, and then separating. Samples of ●ach of the two phases :ere analy-

zed for the constituents of interest. All reported results are those of

experiments that displayed acceptable mass balancrs which were used as a

check of experiment validity.

111. ResulLs and Discussion

Extraction and stripping experiments were designed to provide daLa for

several a eas of interesL.

A. Am disLrihution coeff:.cients3~ as a function of the equilibrium aqueous

phase acidity of the feed were obtained. These results are shown in

Figure 11. The K~’s vary from 6 to 60 for acidities from 0.4 to 0,03 ~

respectiv~ly. The data poinLs designated, B-X, are for SSB which is

thought to have a higher NO; salt concentration than SSA, so these

appear above thp curve of the SSA points.

B. Am distribution coefficient.x an a function of the equilibrium aqueous

phase acidiLy or non-salLed strip solutions were studied. The results

arc givrn in Figllre 12. Hr rr, thr K~’s vary from 0.25 to 0,01 for

acidities from 0,4 to 0.03 ~. TheBe low value~ from about 0.1 ~ down-

ward are most valuable for stripping,~~

c. Acid diRtril]ution betwern Lhe Pquilihrated organic and feed phase~ is

~hown in Figurr 13. Thesr data are nrc~hsary for maintaining proper

acid

hilvr

that

Lion

aivc

conditions during the ●xLracLion process, Previous workersso

showu Lhat lINOJ fornm a 1:1 complex with !MIBP, ao it is evident

both acid and Am movr intn the rxtrarLanL. Although this reduc-

of feed aridity hrlps Am extraction by increasing the K~, exces-

fced aridity reduction may causr solids LO form in the syst~m by

hydrolysis of the ❑etal 6alLs; thprrfore, it must be krpt under control,

. . . .. . . .

* Also nbown arr data pointH fcr acidiLie6 of 3.5 and 7 N.



IJ.

E.

F.

G.

Iv.

The extra ctive effectiveness of DBBI’-Isopar H was tested under several

conditions: as received; pre-acidified only; and washed with Na2C03

solution and then pre-zcidified. The results for all three systems were

the same within ●xperimental ●rror.

Tests of the reuse of the sol-rent system after the Am was stripped

showed no anomalies in the Am KD.

The i“ed 8olutions for the extractions contained appreciable amounts

of Pb, U, and Pu, so analyses were done to determine their course

through the extraction-strip cycles. It was found that with either

waLer or 0.01 y HN03 strips, the Am product solution did not have ap-

preciable Pb contamination; however, the Pu and the U contamination

was unacceptably high. It was decided that stripping with higher con-

centrations of HN03 would offer two advantages; first, the extraction

coefficient for U and Pu would be larger, and second, the Am complexes

with the HN03 in the aqueous phase at higher lIK03 corlcentrations26 so

should strip well. Tests showed that contamination of the Am by Pu

was ~ssentially eliminated by stripping the Am with 3,65 to 7.3 ~ HNOJ

whereas that by U was reduced to acceptably low levels, The Am sLripp-

ing KD’s for these strips were 0.22.

Since the U and Pu sre readily extracted from the aqueous feed and are

forced to stay in the organic during the Am stripping, the solvent will

eventually be loaded wiLh them. Tests of solvent clean-up showed Lhat

these could be quickly and clctinly mtripped with 5 w/o Na2C03, 9 w/o

NaHC03, or 20 w/o (NH4)ZC03 solutions with no solid formation.

Proposed Solvent Extraction Process for Am Recovery

These studies result in thr proposed solvent extraction recovery process

for Am as given in the flowshect of Figure 14. Solvent clean-up and rtcycle

are included. The Am product stream is to ●nter the present. An@z production

line directly behing the anion exchange Pu removal operation.
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TABLE 1

COH?OSITION OF PEROXIDE FILTRATE BATCHES lROFl FFTF

The filtrates were approximately 0.03 ~ in F- and 0.056 ~ in SO:. These
filtrates were dripped into approximately 80 moleg of NaOH. Values are mg/P

unless otherwise noted,
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,,=’0’
—.

1049 1127
—. .

Am
Pu
Ag
Al
B
Ba
Be
Bi
Ca

Cd
co
CIJ
Cr
Ga
Ge
Fe

In

K

1,i

Hg

HI]

Ho

Na
Ni
Nh
P
!%
Sh
Si
SIl
s“.1
Tu
TI
“rI
v
X11
zr

4.47 8
0.49 8

< 0.15
500

25
0.5

< 0,05
< 1.5

< 25
<5
< 1.5

5
5

< 0,5
< 0.5

15
~ 1.5

< 50
<5

25
1
3

75
10

<5
<$1

2
~ 1.5

20
~ :4

0.25
< 50

1.5
g 1.5
~ 1.5
~ :J
< ().5

7.37 8
0.54 8

<0.1 g
200
4
0.8

c 0.04
<1

< 30
<4
<1

1.6
4

< 0.4
< 0,4

16
<1

< 40
<4

B
().8

<]

20
2

<4
<4

4
<1

20
<2

0,()
< 40

< [1.4
c1
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<2
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TABLE 2

PRODUCTANALYSIS OF LASL

Results are in pprn except for h and Pu which

F

...—— ....——— ....——— —.— ——.-.—— —-

.,]cm= ‘“ “
Amo ~

20-..-.—— — .—. . ____ .—..—____ .__ ...___ .——-—. .—_

Am(-) ~

are repor~ed in Wt. %.

..—— .—. —_——
AJno~ AJ?lo2

24- 27—..-—— .— .—
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?U

Al

Ca

c1

Cr
..
f
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K

Flu

MII

Nil

Ni

Np

87.3 ~

0.076%

7

27

2(I

19

3

40

12

2

2

50

9

500

87.5 %

2.2 %

22

840

35

60

5

73

24

4

6

140

13

450

86.0 %

0.32 Z

7

‘)4

27

25

17

53

8

17

3
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14

4.50

p 3 1 b

1’:1 370 34 5
I

s -. !i .-

Si ()4 y~~ 110
i

‘111 -- 74 -. I

II < 10 36!; :!H I
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Pb

Tll
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Ca
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K
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TA.ULE 3

FEED SOLUTIO:J COKPOSITIO::5
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LASL FFTF P@ PRODUCTION
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LASL AMERICIUM OXIDE PRODUCTION
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